brachycephaly (bicoronal), lambdoid fusion, oxycephaly (sagittal and bicoronal), other nonsyndromic multisuture craniosynostosis, and syndromic cases. Demographic information, such as date of birth, parental age at birth, birth weight, geographic location at birth, and age at presentation, were recorded. The Student t-test was used for all statistical analyses. A probability value < 0.05 was considered statistically significant.
Results
In this 20-year period, 2808 children were evaluated at the Craniofacial Unit at Necker-Enfants Malades. The total number of patients according to their craniosynostosis subtype were as follows: 1224 cases of scaphocephaly, 315 cases of plagiocephaly, 598 cases of trigonocephaly, 105 cases of brachycephaly, 69 cases of oxycephaly, 396 syndromic cases, and 101 unclassifiable cases. The distribution of the children according to craniosynostosis subtype is summarized in Table 1 . Among them, 2412 (85.9%) had a nonsyndromic craniosynostosis. The ratio between nonsyndromic and syndromic cases remained globally the same during this period, with syndromic cases ranging from 9.9 to 18.3% of the total number of children (Fig. 1) .
The mean number of patients hospitalized each year for a nonsyndromic craniosynostosis was 120. Scaphocephaly was the most common malformation, affecting 50.7% of the children. The evolution of each subtype of craniosynostosis during the 20-year period is shown in Fig. 2 . During this 20-year period the number of nonsyndromic patients increased progressively, from 90 cases in 1988 to 163 in 2007 (Table 1; Figs. 2 and 3) , a global increase of 180% with a mean annual increase of 134%. The proportions of the craniosynostosis subtypes, however, evolved differently (Figs. 2 and 3) with an important increase in the number of trigonocephalies (mean annual increase of 300%) and a reduction in the number of oxycephalies (mean annual decrease of −43%) compared with the data from 1988.
When indexing the evolution of the different craniosynostosis subtypes according to their value in 1988, the different trends in evolution become evident (Fig. 3) . Cases of trigonocephaly dramatically increased from 10 to 42 cases. The difference in the mean annual increase between scaphocephalies and trigonocephalies as well as between the total number of cases and trigonocephalies was found to be statistically significant (p < 0.001 in both cases, t-test).
It is noteworthy, however, that the diagnostic criteria for trigonocephaly did not change over time. The diagnosis of trigonocephaly is considered when the premature fusion of the paired frontal bones results in an important deformation with an associated hypotelorism, and distortion of the orbital roofs. Patients with pure metopic ridges were not included in the study. When tabulating the number of surgeries for trigonocephalies, an increase in the absolute numbers was found over time, from 7 to 28 metopic cases undergoing operations per year. However, there was a stability in the relative numbers, that is, the number of patients undergoing operations versus the nonoperated (70% of children underwent operations in 1988, 1988  48  10  8  3  12  9  16  1989  44  9  6  4  10  5  10  1990  54  12  5  4  19  2  17  1991  44  11  2  4  14  7  15  1992  47  18  5  1  17  4  23  1993  52  23  2  6  12  2  21  1994  58  25  5  11  8  2  19  1995  42  33  4  3  10  6  22  1996  54  27  5  4  12  2  22  1997  61  39  1  7  15  9  22  1998  69  31  1  4  19  1  17  1999  65  38  4  3  22  7  18  2000  62  38  4  10  22  6  23  2001  72  41  3  6  21  5  22  2002  83  50  4  4  20  8  26  2003  75  33  3  4  11  4  23  2004  70  52  1  7  10  5  26  2005  72  30  2  7  19  6  20  2006  65  36  2  7  24  3  16  2007  87  42  2  6  18  8  18 compared with 67% in 2007), thus confirming the constancy of surgical criteria. Conversely, the number of patients with oxycephaly decreased from 8 to 2 cases during the same time period. The difference between the mean annual evolution of total cases and oxycephalies was also found to be statistically significant (p < 0.001, t-test).
Discussion
The experience gained in the Craniofacial Surgery Unit of Necker-Enfants Malades Hospital is preeminent. In a 20-year period > 2800 children presenting with a craniofacial deformation were hospitalized. The analysis of the frequency of the different subtypes, although biased by the referral of many patients to our unit, demonstrates several points.
Increase in the Total Number of Patients
The total number of nonsyndromic patients treated at our hospital increased 180% during the 20-year period between 1988 and 2007 (from 90 per year to 163 per year, respectively), with an annual mean increase of 134%. This increase observed in our experience might be due to a better recognition of skull deformations by the pediatricians and caretakers and to an increased recruitment of patients at our center. This phenomenon might also reflect an overall increase in the incidence of craniosynostosis. Yet Singer et al. 9 found an increase in the prevalence of craniosynostosis of only 1.2% per year during a 15-year period in Western Australia. Although the total number of patients hospitalized each year for this condition has increased, the ratio of children with syndromic versus nonsyndromic craniosynostosis remained stable, with nonsyndromic cases ranging from 80 to 90% of the hospitalized children each year (Fig. 1) .
Increase in Trigonocephaly Cases and Stability of Scaphocephaly Cases
The number of patients with scaphocephaly and trigonocephaly who were hospitalized each year progressively increased (Table 1 ; Fig. 2 ). The number of metopic craniosynostosis cases increased from 10 to 42 per year. Interestingly, the number of scaphocephalic cases increased from 48 to 87 per year (a 181% increase), a similar rate to the overall increase of cases between 1988 and 2007 (180%; Fig. 3 ). The proportion of scaphocephalic cases in 1998 and 2007 remained unchanged (53.3 and 53.4%, respectively), whereas the proportion of trigonocephaly cases increased from 11 to 25% of nonsyndromic cases per year that were hospitalized at our site. When comparing the proportion of trigonocephalies and scaphocephalies among nonsyndromic cases, the current rate of trigonocephaly is half of that of scaphocephalic cases, whereas it was only one-fifth 20 years ago (Fig. 4) . Overall, scaphocephalic and trigonocephalic cases represented 61.2 and 24.8%, respectively, of the entire 2412 nonsyndromic cases of craniosynostosis.
The absolute and relative incidences of trigonocephaly are not completely known, however, and are extremely variable between patient series. [1] [2] [3] 8, 9 Cases of trigonocephaly were rare in early reports. 1, 3, 6, 8 It was recognized 2 Such variability may be due to different types of patient recruitment at the different centers or a difference in the type of patients (those undergoing operations vs those undergoing observation), but might also result from differences within the population studied at that time. Nevertheless, when analyzing our data collected over a 20-year period, in the same population, the incidence of trigonocephaly increased 4-fold. This increase appears to be greater than that of the total recruitment of patients at our center (Fig. 3) and to that of scaphocephalies during the same time period (Fig. 4) .
However, the proportion of patients with trigonocephaly who underwent operations did not change over time. This finding suggests that the severity of metopic cases considered in this study did not change significantly. In fact, an increase in nonsevere cases would have been reflected by an increase in the number of children who did not undergo operations, whereas this group represented 30% in 1988 and 33% in 2007. The total number of children who underwent operations for trigonocephaly also increased 4-fold between 1988 and 2007 (from 7 to 28 per year, respectively). This increase in the number of cases of trigonocephaly appears to have begun in the 1990s as shown by this analysis (Fig. 3) and was already suggested by our team in 1998. 5 This increase is also in accordance with data that has been reported by other centers in Europe and in westernized countries such as the US.
9,11 Conversely, this increase is in contrast to other reports that found an unchanged birth prevalence of metopic synostosis between 1989 and 2003.
2 Another element that might reflect the recent increase of metopic craniosynostosis is that adults who do not undergo operations are very rare.
Because the majority of cases of trigonocephaly are noninheritable spontaneous events, with only 5.6% of patients with positive familial histories for this condition, 8 we analyzed the potential risk factors associated with the development of a metopic craniosynostosis (such as birth weight, parental age, and maternal use of sodium valproate 4, 8 ) to try to explain such an increase. The mean birth weight of children with trigonocephaly and scaphocephaly was 3079 ± 697 g and 3252 ± 639 g, respectively, a difference that was statistically significant (p < 0.001, t-test). Paternal and maternal ages were similar in both groups. No significant differences in the prevalence of sodium valproate-related trigonocephalies were found in the series during the study period. Sodium valproaterelated trigonocephalies remained stable, constituting 6.3% of all trigonocephalies and 1.5% of the total annual cases.
Decrease in Oxycephaly Cases
Oxycephaly, the late-appearing combination of bicoronal and sagittal stenosis, constituted 8.8% of the nonsyndromic cases in 1988. In our experience, patients with oxycephaly are essentially emerging from Northern African countries. The incidence of this subtype of craniosynostosis progressively decreased over time in this study (Figs. 2  and 3 ). In 2007 this subtype represented only 1.2% of the children hospitalized for a nonsyndromic craniosynostosis. This reduction might be due to better care that is provided to these patients in their countries or to a reduction in the prevalence of this subtype of craniosynostosis.
Stability of Coronal Craniosynostoses
The incidence of coronal nonsyndromic craniosynostosis (either brachycephaly or plagiocephaly) increased progressively during the 20-year period, similar to the general trend. The increase was 160% when comparing 1988 and 2007 figures (Fig. 3 ). There were a mean of 20 patients per year with coronal nonsyndromic craniosynostosis, which was almost 16.9% of the nonsyndromic cases. Plagiocephaly on the right side (188 cases) was more common than on the left (116 cases). Brachycephaly (105 total cases) was less common than right-or left-side plagiocephaly. Other centers reported a decreased incidence of unicoronal craniosynostosis (from 20 to 13%) 7 that is in contrast with the stable rates found in our series.
Multisuture Nonsyndromic Synostosis
Cases of multisuture nonsyndromic craniosynostosis also decreased during the period studied (from 10 to 4.9% of the children each year). This decrease is probably due to the systematic investigation of genetic anomalies that is performed at our institution that allows a careful classification of multisuture cases. Nevertheless, multisuture nonsyndromic craniosynostosis still represents 5 cases per year on average.
